Objective To employ the Colorectal Cancer Risk Awareness for Public Health Prevention (CRC-PHP) survey to examine how food shelf use and other covariates predict awareness of colorectal cancer (CRC) risk factors among patients of a Federally Qualified Health Center in Minneapolis, Minnesota. Secondary aims included describing the demographic and chronic-disease characteristics of the patient population and assessing their general knowledge of additional CRC risk factors and intent to make healthy food selections in the near future. Methods Measures included CRC risk awareness, food shelf use, chronic-disease status, and intent to select healthy food options. Regression models and chi-square tests of independence were employed to examine differences among food shelf users and nonusers.
Background
Colorectal cancer (CRC), also referred to as colon cancer, is the third most common cancer diagnosis in Minnesota among both men and women [1] . Between 2010 and 2014, there were 39 new CRC cases per 100,000 Minnesotans; between 2009 and 2013, the mortality rate from CRC was 13 per 100,000 [2] . Risk factors associated with CRC include age, family history, and lifestyle factors [3, 4] . For example, Doubeni and colleagues found that physical inactivity, an unhealthy diet, smoking, and excess body weight accounted for an increased risk of CRC among populations with low socioeconomic status [5] .
Additional CRC risk factors include heart disease, type 2 diabetes (T2DM), high blood pressure, and obesity [6, 7] . Diabetes and obesity disproportionately affect racial/ethnic minorities and populations with limited incomes or education, such as customers of the hunger-relief system [8, 9] . People Electronic supplementary material The online version of this article (https://doi.org/10.1007/s40615-019-00603-x) contains supplementary material, which is available to authorized users. who are food insecure have limited access to an adequate food supply due to financial and other resource constraints [10] .
The hunger-relief system, which includes food shelves (sometimes referred to as food pantries), improves food access by providing free groceries to populations that are generally food insecure or low income [8, 9, 11, 12] . Provisions come from a variety of sources, such as wholesale retailers and the food service industry [8, 9, 12, 13] . Research shows that food shelves vary in their capacity to offer provisions supportive of a healthy diet [7, 9, [11] [12] [13] [14] [15] . Unlike federal food-assistance programs, food shelves are not required to meet nutritional standards [9] .
Although the prevention and control of diabetes and some cancers have been studied among food shelf populations [16] [17] [18] [19] , to the authors' knowledge, CRC prevention efforts have not. Research focused on health outcomes among hunger-relief customers is important, as research confirms that the nutritional quality of food shelves is in need of improvement (particularly in key food groups that are protective against CRC) [9, 20, 21] . Further, based on the prevalence of obesity and diabetes among customers of the nation's largest hunger-relief organization [8] , many food shelf customers may already have an increased risk of developing CRC.
The primary purpose of the current study was to examine whether a relationship exists between awareness of CRC risk factors and food shelf use. We hypothesized that, due to potential differences in socioeconomic status, non-food shelf users would be more knowledgeable about such risk factors compared with those who use these entities. The study also aimed to examine whether factors such as demographic characteristics and health status predicted knowledge of CRC risk factors. We strove to further describe the sample population with additional research questions, such as those related to purchasing intentions.
Methods

Study Design and Sample Criteria
The current study utilized the Colorectal Cancer Risk Awareness for Public Health Prevention (CRC-PHP) survey to examine the relationship between food shelf use and awareness of CRC risk factors among patients at a F e d e r a l l y Q u a l i f i e d H e a l t h C e n t e r ( F Q H C ) i n Minneapolis, Minnesota. From January to February 2017, a cross-sectional study was conducted using convenience sampling to recruit patients who (1) were aged 40-74, (2) received primary care from the study site, and (3) could speak and understand English or Somali (the primary languages of the patient population).
Setting and Recruitment
Patients were recruited from an FQHC located in a predominately Somali neighborhood in Minneapolis, Minnesota. Approximately half of the clinic's patients were of Somali descent. As a nationally recognized community health center located a half mile from a food shelf, the FQHC was an ideal site for data collection.
A former Somali translator and teaching specialist assisted with the translation of the survey and consent form. Forwardand-back translation was used, and research materials were written in formal language to minimize differences across dialects. To assist with recruitment, study posters and doublesided flyers written in both English and Somali were created by a professional marketing consultant. The University of Minnesota Institutional Review Board (IRB# 1611E00901) approved all study materials prior to data collection.
Data Collection
The research team consisted of the first author and three undergraduate research assistants. Approximately 3 to 4 times per week, the team reviewed providers' clinic schedules and approached patients who were eligible for the study based on their age. The research team liaised with physicians' medical assistants to facilitate patient contact and minimize workflow interruptions. Patients were recruited in clinic exam rooms while they waited to meet with their provider.
After providing verbal informed consent, eligible patients were offered the choice to complete the CRC-PHP survey either on their own or with the assistance of a research team member who read the survey questions aloud. Participants' verbal consent was obtained as the nature of the study met the criterion of Bexempt category 2 research^under the IRB's rules. Additionally, the research team provided a Bconsent information sheet^disclosing information about study procedures, confidentiality, the voluntary nature of participation, and contact information for the primary researchers (see Supplementary File #1).
Somali-speaking members of the research team were primarily in contact with Somali-speaking patients. Most of these patients were accompanied by a family member or interpreter who assisted with translation. The research team meticulously sought to ensure that participants were asked survey questions in a culturally sensitive manner.
Using name and facial recognition as well as verbal notification from patients, the research team ensured that each participant completed 1 survey only. Survey completion time ranged from 7 to 20 min depending on how the survey was completed. For example, English-speaking patients either asked for survey questions to be read aloud or completed the survey on their own; most Somali-speaking patients completed the survey with the research team in a more conversational manner. Each patient received a copy of the consent form, along with a study flyer to encourage snowball sampling.
After patients completed the survey, they had the opportunity to provide a phone number or email address to enter a random prize drawing. Each patient was assigned a study identification number. The study team randomly selected 8 of these numbers for the drawings and mailed each winner a $50 gift card to a local grocery store by certified US mail in April 2017.
Measures
The CRC-PHP survey consisted of 33 questions and the following 6 variables: (1) awareness of CRC risk factors; (2) food shelf use; (3) chronic-disease status; (4) general knowledge of CRC and recommended screening practices; (5) intent to make healthy food shelf selections; and (6) demographic characteristics (see Supplementary File #2).
Awareness of CRC Risk Factors
Awareness of risk factors associated with CRC was the primary outcome variable of interest. Scale items were adapted from the Bowel Cancer Awareness Measure (Bowel CAM), developed by University College London and Cancer Research United Kingdom [22] . The original scale consists of 26 items and 6 topics (e.g., warning signs, detecting bowel symptoms) [22] . However, the present study used 10 items from the Bowel CAM's prompted risk-factor scale and modified question wording, in addition to adding examples in an attempt to increase patient comprehension. For example, Bfibre^was changed to Bfiber,^and pictorial examples of a Bportion^size and a Bstandard drink^were included. Risk awareness scale items were assessed in their original format on a 5-point Likert scale from strongly disagree (1) to strongly agree (5). Responses of strongly agree and agree received a score of 1 point, whereas the responses not sure, disagree, and strongly disagree received a score of 0. The maximum score a patient could receive was 10 points. In a psychometric study by Power and colleagues [23] , the original scale had satisfactory internal and test-retest reliability. The coefficient alpha (Cronbach) for the full scale and specifically for the prompted risk-factor subscale were 0.84 and 0.79, respectively.
Food Shelf Use
The primary predictor variable was dichotomous and assessed food shelf use. Patients were asked if they had been to a food shelf in the last 12 months. A yes response was followed by an open-ended request for the name(s) of their primary food shelf or shelves.
Additional questions were asked to assess the patients' level of use of food shelves. Two of these questions derived from a pilot study by Caspi et al. examined the frequency of patients' food shelf use [24] . The first question asked, BIn the last month, about what portion of all your food was obtained from food shelves?^The second question was the same but referenced the last 6 months. Response categories were none, less than half, about half, more than half, and all or almost all.
The remaining items asked food shelf clients about their food preferences. One question, adapted from the Hunger Task Force 2009 Food Pantry Survey asked, BHow important would it be for you to receive fresh fruits and vegetables? [ 25] . This was modified to BHow important would it be for you to receive fresh vegetables at your primary food shelf?Â n additional question was created asking, BHow important would it be for you to receive bakery items at your primary food shelf?^Responses were categorized on a 5-point Likert scale from most (1) to least important (5).
Chronic Disease Status
Two questions examined chronic-disease status. One openended question asked patients to write in their height and weight. This information was used to determine body mass index (BMI). The second question read: BPlease check if a doctor has ever diagnosed you with any of the following: type II diabetes, cardiovascular disease, high blood pressure, colon cancer.Ĝ
eneral CRC Knowledge: Disease and Screening
Two true-or-false questions from the Male Role Norms, Knowledge, Attitudes, and Perceptions Associated with Colorectal Cancer Screening survey developed by Rogers and Goodson [26] were adapted to measure general knowledge of disease and recommendations regarding CRC screening practices. BColorectal cancer is a cancer of the colon or rectum^was adapted to BColorectal cancer is a cancer of the colon or rectum, located at the lower end of the digestive tract.^BMen and women should begin screening for colorectal cancer soon after turning 50 years of age,^was modified to BMen and women at average risk should begin screening for colorectal cancer soon after turning 50 years of age^ [26] . The last true-or-false question, developed by the first author using CRC early-detection facts from the American Cancer Society [27] , read: BIf you have a family history of colon cancer, screening for colon cancer should start before age 50.Î ntent to Make Healthy Food Shelf Selections Two survey questions measured patients' intent to make healthy food choices. The first asked, BIf you could identify foods that protect against cancer, how likely would you regularly select these foods as opposed to unhealthy foods?^The second question was modified from a client survey developed by a local hunger-relief agency, The Food Group [28] . It was originally intended to assess client demand for a range of staple and culturally specific foods that promote cooking meals. We used this question to measure how likely patients were to purchase a list of foods in the next 3 months.
Demographic Characteristics
The following patient characteristics were assessed: (1) gender, (2) age, (3) ages of adult relatives living in the household, (4) race, (5) ethnicity, (6) zip code, (7) highest level of education, and (8) household income.
Data Analyses
To assess differences in group scores, we conducted a regression model of risk-factor awareness on food shelf use. A multivariate regression model was used to control for demographic characteristics and chronic-disease status. Differences in awareness scores by food shelf use were reported. A chisquare test analyzed differences in group responses for 3 measures (awareness of CRC risk factors, general CRC knowledge, and intent to make healthy food selections) by food shelf status. Significance was defined as p < 0.05, and standard errors were constructed using the Taylor series. All analyses were conducted using Stata Version 14 (StataCorp LP, College Station, Texas).
Results
Sample Characteristics and Chronic Disease Status
The CRC-PHP survey was administered to 103 patients receiving care at a local FQHC. The research team approached a total of 112 patients (9 of whom declined participation), thus making our survey response rate 92%. As seen in Table 1 , among the 103 patients, 73 reported not having used a food shelf in the last 12 months while 30 had. Most patients regardless of whether they used a food shelf were at least 50 years of age, female, and lived in Minneapolis, Minnesota. Half of the patients reporting food shelf use identified as White, while others identified as Black (20%), Somali (13%), and Other (17%). Among the non-food shelf users, 40% of patients identified as Somali, 23% White, 21% Black, and 16% Other. Approximately 60% of patients in both groups reported completing high-school, their GED, or less than a high school education. Among patients who responded, the majority of food shelf users (86%) made an annual income of less than $15,000 compared with 59% of non-food shelf users.
Using the National Heart, Lung, and Blood Institute's BMI calculator [29] , both groups had similar profiles, with most patients or 68% of all patients being overweight/obese. In Risk factor awareness score Mean (SD) 5.4 (± 2.5) 6.0 (± 2.6) *Study participants may have reported having at least one condition regard to chronic-disease status, high blood pressure and type II diabetes were common among both food shelf users and non-users. Forty-seven percent of food shelf users reported having at least 1 diet-related condition (e.g., T2DM, high blood pressure, cardiovascular disease), compared with 38% of non-users; in addition, 23% of food shelf users, compared with 18% of non-users, reported having a comorbidity. One patient who reported using food shelves had recently been diagnosed with CRC.
Food Shelf Use
Twenty-nine percent of all participants reported using a food shelf in the last 12 months (predictor variable). Considering all sources where one might acquire food, 23% and 20% of food shelf users reported obtaining at least half of their food from a food shelf in the last 1 and 6 months, respectively. When asked about the presence of specific food groups at their primary food shelf, 87% reported that it would be very important to receive fresh vegetables and 63% indicated that it would be very or somewhat important to receive baked goods.
Reliability Analysis
Internal consistency of the 10-item CRC risk-awareness scale was tested using reliability analysis. A strong reliability coefficient was produced (Cronbach's alpha = 0.84), consistent with the results (α = 0.74) of the original psychometric study [18] .
Associations Between CRC Risk Awareness, Food Shelf Use, and Covariates
Results from the unadjusted logistic regression (N = 103) model suggested no statistically significant difference between food shelf users and non-users in awareness of CRC risk factors (p value = 0.21). After adjusting for covariates and conducting a multivariate regression (n = 91), no significant differences emerged. However, food shelf users produced higher scores by 1.2 points, on average. The adjusted regression model is reported in Table 2 . With mean scores of 6.0 (sd = 2.6) for food shelf users and 5.3 (sd = 2.6) for non-users out of a total of 10 points, both groups had similar levels of awareness. Food shelf users were more aware than non-users when asked whether BEating less than 5 portions of fruit and vegetables a day (e.g., 1 portion is 1 apple, a handful of grapes, etc.)^would increase one's risk for CRC^(χ 2 (1, N = 103) = 4.46, p = 0.035), a statistically significant difference. Table 3 shows the proportion of questions answered correctly, broken down by food shelf status. Overall, food shelf users had more correct responses on the CRC risk-factor awareness scale than non-users. Regarding differences in awareness by demographic characteristics, individuals identifying as Other (e.g., mixed race, Ethiopian) or as a racial category with low representation (e.g., Native American, Asian) scored a significant 1.85 points lower than Whites (p = 0.04).
General CRC Knowledge
Patients had a high level of understanding of CRC as a disease. More than half of all patients correctly responded true to the statement BColorectal cancer is a cancer of the colon or rectum, located at the lower end of the digestive tract.^Food shelf users were more likely than non-users to correctly respond true to the statement BMen and women at average risk should begin screening for colon cancer soon after turning 50 years of age^(χ 2 (2, N = 101) = 6.44, p = 0.04), whereas nonfood shelf users were more likely to correctly respond true to the statement BIf you have a family history of colon cancer, screening for colon cancer should start before age 50^(χ 2 (2, N = 100) = 12.36, p = 0.002).
Intent to Make Healthy Selections
Overall, 69% of patients responded positively (extremely likely or likely) when asked whether they would select foods protective against cancer if so labeled, while 16% reported that they would be extremely unlikely or unlikely to do so and 14% responded neutral. When purchasing certain foods in the next 3 months, 95% of patients said that they were likely to purchase fresh fruit and vegetables, compared with 41% who said that they were likely to purchase canned fruit and 37%, canned vegetables. More food shelf users than non-users said that they would be likely to purchase canned vegetables and pork (χ 2 (1, N = 99) = 4.38, p = 0.036; χ 2 (1, N = 101) = 7.98, p = 0.005) in the next 3 months.
Discussion
This study sought to determine the existence of a relationship between awareness of CRC risk factors and food shelf use by administering the CRC-PHP survey instrument to a convenience sample of 103 patients of an FQHC. We hypothesized that patients who had used food shelves in the last 12 months would have lower CRC risk-awareness scores compared with those who had not done so.
Results showed no statistically significant difference in scores between the 2 groups, but food shelf users had higher awareness scores than non-users by 1.2 points. In terms of accuracy, more food shelf users responded correctly to CRC risk-factor questions about fruit, vegetable, and fiber intake, as well as to items about the role of age, family history, and exercise in CRC risk. However, fewer food shelf users were aware of the link between alcohol consumption and CRC. Among both groups, the accuracy of survey responses deviated by no more than 2 percentage points for the remaining questions.
Forty-seven percent of food shelf users reported having at least 1 diet-related condition (e.g., T2DM, high blood pressure, cardiovascular disease), compared with 38% of nonusers. Further, 23% of food shelf users, compared with 18% of non-users, reported having a comorbidity. According to Tsilidis and colleagues, patients with T2DM have a worse prognosis after a CRC diagnosis, in addition to having moderately increased CRC risk (20-40%), compared with those who do not have diabetes [30] . The underlying mechanisms explaining this association have yet to be elucidated, but in a recent meta-analysis of the relationship between diabetes and CRC prognosis, Zhu et al. [31] found that diabetes negatively affects overall CRC survival; survival for patients with diabetes was as much as 5 years shorter than for patients without diabetes. Additional research is warranted to better mitigate the potential impact of T2DM on CRC risk in food shelfspecific cohorts.
Obesity and behavioral risk factors such as physical inactivity have been found to be associated with CRC incidence. For example, in the prospective National Institutes of Health-AARP Diet and Health Study sample of 506,488 participants, Doubeni and colleagues found that, taken together, excess body weight, physical inactivity, unhealthy diet, and smoking accounted for 44% of the increased risk of CRC associated with lower educational attainment and 36% of the excess risk associated with neighborhood socioeconomic status [5] .
The association of food shelf participation with low income was borne out in our study, in which 86% of food shelf users reported an annual income of less than $15,000 and 63% reported having completed high school, a General Education Diploma, or less. Food shelves could be an important resource for improving nutrient intake among those facing food insecurity. As recommended by Dave and colleagues, barriers to healthy eating must be incorporated into future nutritioneducation interventions and systematically addressed for food shelf users [32] . Food shelf interventions focused on disease prevention and management could benefit populations with demographics similar to those seen in our study. Because risk for T2DM is increased 2-fold among food insecure populations [33] , there exists a need for intervention in hunger-relief settings. In a 6-month pilot intervention conducted by Seligman et al. among food banks in Texas, California, and Ohio [18] , participants confirmed to be diabetic and food insecure received boxes of diabetes-appropriate foods. Prepacked boxes included lean meats, whole grains, beans, low-sodium vegetables, nosugar-added fruit, and dairy products [18] . Results showed improvements in participants' glucose control, fruit and vegetable intake, and diabetes self-management characteristics (e.g., fewer trade-offs between buying food and medication, increased self-efficacy in diabetes management, better medication adherence) [18] .
Based on income alone, most participants in our study would likely qualify as food shelf clients (63 out of 94 participants reported an annual income of less than $15,000). Further, most participants who reported having at least 1 chronic disease such as obesity or diabetes fell within this income bracket.
Given the results of the pilot study by Seligman and colleagues [18] , an intervention incorporating both diabetes and CRC prevention and control characteristics could produce favorable outcomes in the food shelf using population in Minneapolis. This is particularly true as diabetes prevention and management could decrease CRC risk. The 2 diseases share risk factors such as obesity and a nutritionally deficient diet [4, [34] [35] [36] . Some studies also suggest that metformin, a blood glucose-lowering medication widely prescribed to patients with T2DM, independently lowers CRC incidence [4] . As T2DM is a risk factor for CRC, diabetes-focused interventions may inherently reduce risk for developing CRC [37] [38] [39] .
Based on the favorable results from the Seligman et al. study, food shelf interventions have the potential to effectively increase awareness of diet-related risk factors associated with CRC among clientele. For this reason, utilizing behavioral economics approaches such as Bnudging^to modify client behavior could increase awareness and assist food shelf clients in making more-healthful selections.
In a randomized controlled trial, product packaging and placement (nudging) significantly influenced the food choices of users of a food shelf in New York state [40] . Wilson and colleagues placed protein bars (a more nutrient-dense product than pastries) in the dessert section. The placement of protein bars at the start of the dessert section increased client selection by 46%. Moreover, keeping the protein bars in their original packaging increased selection by 59% [40] . Hunger-relief organizations in Minnesota have implemented similar behavioral-economics strategies [28] . Food shelf clients may benefit from such nudging strategies such as labeling food products that reduce one's risk for T2DM and subsequently for CRC.
Limitations
Despite the contributions this study makes, several limitations must be considered. First, the sample size included in the multivariate logistic regression was small (n = 91), particularly among food shelf users (n = 30). Enrolling more patients into the study may have increased our ability to detect a true difference in CRC risk awareness between food shelf users and non-users. Further, we did not conduct a power analysis, as the study was exploratory in nature and used conveniencesampling techniques due to time constraints. Researchers interested in replicating this study should consider conducting a power analysis during the research-planning stage to identify the minimum number of participants required to identify a true difference in awareness of CRC risk factors between food shelf users and non-users.
Second, choosing to recruit patients from a health center rather than a food shelf may have increased survey bias. Recruiting at a food shelf would have reduced the effect of response and recall bias when asking patients if they had been to a food shelf in the past 12 months. However, conducting the study at the health center near a food shelf provided an appropriate comparison group to food shelf users, with similar demographic characteristics.
Third, since cognitive interviews were not conducted prior to data collection, the validity of responses may be of concern. This is particularly true as patients had the opportunity to take the survey either on their own or with the assistance of the research team. We attempted to lessen the severity of this issue by clarifying difficult or confusing questions for those who requested assistance. For example, some patients had difficulty comprehending the CRC risk-factor awareness scale and incorrectly interpreted some questions. To address this issue, we truncated and explicitly stated the original question for each scale item when confusion was established (e.g., BDo you think eating 5 portions of fruits and vegetables increases your risk for CRC?^was stated a second time as, BDo you think eating too few fruits and vegetables increases your risk for CRC?^). Additionally, some patients were not familiar with the term Bfiber^but were swift to understand once provided with a brief example.
These same patients may have also been prone to response bias as they verbally answered sensitive questions and may have felt pressure to answer research questions in a more socially acceptable manner. For instance, 1 patient initially stated that she had not used a food shelf. However, upon recognizing that her partner had responded yes prior to her taking the survey, she quickly switched her answer.
Fourth, many patients, particularly older adults, indicated that they resided in a group home. Some of these patients stated they did not purchase all their food, but rather were able to select desired products from a list provided by their group home. Others reported having the option to select groceries offered by food distributors in their group home's parking lot. The CRC-PHP did not assess housing type as a demographic characteristic. Doing so in the future may provide insight into older or disabled patients' sources of food and could potentially reveal, for example, that some individuals identified as non-food shelf users are in fact customers of the broader hunger relief system.
Conclusion
To promote positive health outcomes, nutrient-rich foods must be consumed and a healthy weight maintained. Such healthconscious activities may be difficult for low-income populations to achieve, particularly those dealing with food insecurity. As hunger-relief agencies continue to play a significant role in reducing hunger in the USA, their member populations face critical health issues. Food shelf interventions jointly focused on T2DM and CRC have the potential to help reduce the risk for and improve management of both diseases among users of these services.
